Diabetic retinopathy is one of the leading causes of blindness in working-age individuals. Diabetic patients with proteinuria or those on dialysis usually present severe forms of diabetic retinopathy, but the association of diabetic retinopathy with early stages of diabetic nephropathy has not been entirely established. A cross-sectional study was conducted on 1214 type 2 diabetic patients to determine whether microalbuminuria is associated with proliferative diabetic retinopathy in these patients. Patients were evaluated by direct and indirect ophthalmoscopy and grouped according to the presence or absence of proliferative diabetic retinopathy. The agreement of diabetic retinopathy classification performed by ophthalmoscopy and by stereoscopic color fundus photographs was 95.1% (kappa = 0.735; P < 0.001). Demographic information, smoking history, anthropometric and blood pressure measurements, glycemic and lipid profile, and urinary albumin were evaluated. On multiple regression analysis, diabetic nephropathy (OR = 5.18, 95% CI = 2.91-9.22, P < 0.001), insulin use (OR = 2.52, 95% CI = 1.47-4.31, P = 0.001) and diabetes duration (OR = 1.04, 95% CI = 1.01-1.07, P = 0.011) were positively associated with proliferative diabetic retinopathy, and body mass index (OR = 0.90, 95% CI = 0.86-0.96, P < 0.001) was negatively associated with it. When patients with macroalbuminuria and on dialysis were excluded, microalbuminuria (OR = 3.3, 95% CI = 1.56-6.98, P = 0.002) remained associated with proliferative diabetic retinopathy. Therefore, type 2 diabetic patients with proliferative diabetic retinopathy more often presented renal involvement, including urinary albumin excretion within the microalbuminuria range. Therefore, all patients with proliferative diabetic retinopathy should undergo an evaluation of renal function including urinary albumin measurements.
Introduction
Diabetic retinopathy (DR) is the leading cause of new cases of legal blindness among working-age individuals in the United States. The more advanced the DR, the greater the risk of visual loss. Furthermore, patients with DR are at higher risk for coronary heart disease, stroke, diabetic nephropathy, limb amputations, and death (1) . The main risk factors for the development or progression of DR are duration of diabetes mellitus (2), poor glycemic control (2,3) and hypertension (4, 5) .
Increasing evidence suggests that DR has a genetic component. However, so far most candidate genes studied have exhibited a weak or no association with DR, and the positive associations detected have not been confirmed in subsequent studies (6) .
Diabetic patients with proteinuria or those on dialysis usually present severe forms of DR (2, 7, 8) , but the association of DR with early stages of diabetic nephropathy has not been entirely established. Although microalbuminuria has been associated with an increased risk of proliferative DR in type 1 diabetic patients (9) , this association is the subject of controversy for type 2 diabetic patients (5, 8, (10) (11) (12) (13) .
The aim of the present study was to determine if microalbuminuria is associated with proliferative DR in type 2 diabetic patients while taking into account other possible factors.
Material and Methods

Ophthalmologic evaluation
A cross-sectional study was conducted on 1214 type 2 diabetic outpatients defined according to WHO Fundus examination was performed in all patients by a trained ophthalmologist using direct and indirect ophthalmoscopy through dilated pupils. Retinopathy was classified as non-proliferative (including absent signs of DR or signs of non-proliferative DR, i.e., microaneurysms, hemorrhage, hard exudates) or proliferative (newly formed blood vessels and/or growth of fibrous tissue into the vitreous cavity). Patients with panphotocoagulation were classified as presenting proliferative DR. The severity of DR was graded based on the worst eye. In 2 patients in whom the presence of media opacities due to vitreous hemorrhage (1 patient), and cataract (1 patient) prevented fundoscopy in one eye, the contralateral eye was used to classify DR. No patient was excluded as a result of unreadable fundoscopy in both eyes. The diagnosis of proliferative DR based on fundoscopy performed by the ophthalmologists was used to classify the patients.
A subset of 240 patients from Hospital de Clínicas de Porto Alegre, selected for reasons of convenience, underwent stereoscopic color fundus photographs of seven standard fields (14) to analyze the agreement between the classification of retinopathy using this method and ophthalmoscopy performed by the physicians. Initially, the ophthalmologists (MCB and JLG), who were unaware of the patients' clinical data, classified the fundus photographs independently according to the criteria of the American Academy of Ophthalmology (AAO) (15) . The agreement of DR classification performed by ophthalmoscopy and stereoscopic fundus photographs was then analyzed to validate the ophthalmoscopy procedure used to classify studied patients.
Age, sex, ethnicity (self-definition as white or non-white), known duration of diabetes, diabetes treatment, and smoking habits were evaluated. Patients were considered to be smokers if they were current smokers. Body mass index (BMI; weight (kg)/height 2 (m)) and waist-to-hip ratio (WHR) were calculated. Hypertension was considered to be present when blood pressure ≥140/90 mmHg or when antihypertensive drugs were in use. The diagnosis of metabolic syndrome (WHO criteria) was made in the presence of 2 or more of the following parameters: blood pressure ≥140/90 mmHg, plasma triglycerides ≥150 mg/dL and/or HDL cholesterol <35 mg/dL for men or <39 mg/dL for women, BMI >30 kg/m 2 and/or WHR >0.9 for males and >0.85 for females, and microalbuminuria.
HbA 1c (HPLC, reference range: 4.7-6.0%; Merck-Hitachi L-9100 glycated hemoglobin analyzer, Merck, Darmstadt, Germany), creatinine (Jaffe's reaction, autoanalyzer ADVIA1650, Bayer Diagnostic, Tarrytown, NY, USA), triglycerides and total cholesterol (enzymatic colorimetric method, Merck Diagnostica, Darmstadt, Germany; Boehringer Mannheim, Buenos Aires, Argentina), HDL (homogeneous direct method, autoanalyzer ADVIA1650) and LDL (Friedewald equation) were measured.
Albuminuria was measured by immunoturbidimetry (MicroAlb SeraPak ® Bayer, Tarrytown, NY, USA on Cobas Mira Plus (Roche ® ). Urinary albumin was measured in a sterile random urine sample (40.2% of samples) or in a 24-h sample, timed (45.0% of samples) or untimed (14.8% of samples). Diabetic nephropathy was diagnosed in the presence of microalbuminuria (albumin = 17-176 mg/L in a random urine sample, or 30-299 mg in a 24-h urine collection, or 24-h urinary albumin excretion rate (UAER) = 20 to 199 µg/min) or macroalbuminuria (albumin ≥176 mg/L in a random urine sample, or ≥300 g in a 24-h urine collection or 24-h UAER ≥200 µg/min) (16), or in patients on dialysis. Albuminuria values in the range of micro-or macroalbuminuria were confirmed in a second urine specimen.
Statistical analysis
The unpaired Student t-test, the MannWhitney U-test, the chi-square (χ 2 ) test, and one-way analysis of variance (ANOVA) were used when appropriate. The kappa coefficient was used to assess the agreement between DR classification by different ophthalmologists and by different methods (stereoscopic fundus photographs and ophthalmoscopy), and to evaluate the agreement of DR classification performed by the same ophthalmologist on two separate occasions in a subset of 110 patients. Multiple logistic regression models were used to evaluate factors associated with proliferative DR. Results are reported as means ± SD, as percentage of patients with the characteristic or as median (range). P values <0.05 were considered to be significant. The SPSS statistical package 10.0 and Epi-Info, version 6.04d, were used for the analysis.
Results
Clinical and laboratory characteristics of the 1214 patients
Most patients with proliferative DR were male, older, presenting longer duration of diabetes, less frequently were smokers, and had a higher prevalence of metabolic syndrome than patients without proliferative DR (Table 1) . Patients with proliferative DR more frequently used insulin (alone or in combination with oral agents) and angiotensin-converting enzyme inhibitors, and had hypertension and diabetic nephropathy (macroalbuminuria and dialysis) than patients without proliferative DR. These patients also had higher systolic blood pressure levels, The agreement of DR classification carried out by stereoscopic fundus photographs performed by the different ophthalmologists (MCB and JLG) was 95.3% (kappa = 0.774; P < 0.001) when using the simplified DR classification (presence or absence of proliferative DR), and 88.8% (kappa = 0.771; P < 0.001) when using the AAO classification (15) . Moreover, the agreement of DR classification performed by ophthalmoscopy and by stereoscopic fundus photographs was 95.1% (kappa = 0.735; P < 0.001) for the simplified classification, and 84.3% (kappa = 0.698; P < 0.001) for AAO classification (15) .
Multivariate analysis
Multiple logistic regression models were used to analyze the possible associated factors for proliferative DR ( Table 2 ). The presence of diabetic nephropathy (micro-or macroalbuminuria and dialysis), insulin use and known duration of diabetes were positively associated, while BMI was negatively associated with proliferative DR. Smoking habit had a borderline negative association with proliferative DR. Male sex, use of ACE inhibitors, HDL levels and systolic blood pressure were not associated with proliferative DR. The inclusion of glycosylated hemoglobin in the model did not change these results. To evaluate the association of microalbuminuria with proliferative DR, patients with macroalbuminuria (N = 157) and patients on dialysis (N = 91) were excluded from the regression model (Table 2) . Microalbuminuria, insulin use and BMI were the variables associated with the presence of proliferative DR.
Discussion
In this sample of type 2 diabetic patients, proliferative DR was associated with increased levels of albuminuria, insulin use and lower BMI, even when duration of dia- lower BMI and HDL values, and higher serum creatinine levels than patients without proliferative DR. However, the two groups were similar regarding diastolic blood pressure levels, WHR, HbA 1c , total cholesterol, LDL, and triglycerides. Proliferative DR was diagnosed in 54 of 240 patients in the subset submitted to fundus photographs; the remaining 186 patients did not present proliferative DR (no retinopathy in 125 patients, mild non-proliferative DR in 39 patients, moderate non-proliferative DR in 9 patients, severe and severe non-proliferative DR in 13 patients). Thus, the proportion of patients with proliferative DR was similar in patients with and without fundus photographs (22.5 vs 18.7%; P = 0.204).
betes, blood pressure levels and degree of glycemic control were taken into account. These associations were already evident when the UAER was still within the microalbuminuria range.
Despite the well-known association between advanced DR stages and macroalbuminuria (or proteinuria) in type 2 diabetic patients (2, 7, 8, 10) , the relationship with lower levels of UAE within the range of microalbuminuria is controversial. Some investigators have reported a positive association (8, 10, 12) , while in other studies this has not been observed (5, 7, 11, 13) . Some of these negative studies included highly selected patients who were not taking anti-hypertensive drugs, did not smoke and were younger (5) or presented shorter duration of diabetes (7, 13) and worse glycemic control (7) than the patients in the present study. If these aspects are taken into account, our patients could probably be considered to be representative of type 2 diabetic patients with proliferative DR. Furthermore, in some of these negative studies, patients with different degrees of DR were analyzed together (5, 13) . The association between proliferative DR and microalbuminuria observed in the present study could be explained by the view that microalbuminuria might represent a state of generalized vascular dysfunction (17) . Alternatively, microalbuminuria and DR may share common determinants. In fact, duration of diabetes and blood pressure levels are well-known risk factors for both DR and diabetic nephropathy (3, 4) .
Recent data indicate that glycosylated hemoglobin levels are determinant for incident retinopathy in diabetic and non-diabetic populations (18) . In fact, glycemic control was a risk factor for proliferative DR in the UKPDS prospective observational study (19) , but the proportion of patients with diabetic nephropathy at baseline (approximately 14%) was lower than that observed in the present study (43.8%). The association of glycemic control with proliferative DR was less evident in the present study probably because of the remarkable effect of the presence of renal disease itself.
Interestingly, the use of insulin was associated with the presence of DR. Other studies have also reported this association (5,10). Type 2 diabetic patients using insulin in whom it is more difficult to achieve metabolic control usually present a significant decline in beta cell function (20) . Poor glycemic control with oral agents is usually the main reason to start insulin treatment, and it is very unlikely that insulin per se could be implicated in the development of DR. In fact, in the UKPDS study (21) , the intensive glycemic control obtained with insulin was associated with lower development of DR. Therefore, poorer glycemic control prior to insulin use was probably the main reason for the association between DR and insulin treatment observed in this sample of type 2 diabetic patients. Dependent variable: presence of proliferative diabetic retinopathy. OR = odds ratio; 95% CI = confidence interval at 95%; ACE = angiotensin-converting enzyme. P values refer to statistical significance of the association of each independent variable with the presence of proliferative diabetic retinopathy.
An unexpected observation was the protective effect of BMI against proliferative DR, since metabolic syndrome, of which obesity is a major component, was positively associated with DR in the present study. In fact, we had already described this association (22) . However, when patients with normal and abnormal glucose metabolism were followed for 9.4 years, BMI was found not to be associated with the development of any degree of retinopathy (18) . Also, in a population-based study, BMI was not related to progression of DR and, in contrast, being underweight was associated with a higher incidence of DR (23) . In that study only patients diagnosed as having diabetes when they were 30 years or older were evaluated. However, about 46% of them were taking insulin, and probably type 1 diabetic patients were also included. Therefore, the role of BMI as a risk factor for DR, especially advanced DR forms, is still undefined.
A borderline negative association of current smoking with proliferative DR suggests a potential protective role of smoking on DR, as also reported by others (3). Nevertheless, the specific reasons for this effect are still unclear.
Although systolic blood pressure levels were higher in the patients with proliferative DR in univariate analyses, there was no association of blood pressure with proliferative DR. This observation is in consonance with UKPDS results (3), which did not reveal any relation between the progression of retinopathy and blood pressure levels in patients who already presented DR at baseline.
A possible limitation of the present study was the inclusion of individuals from tertiary care centers, favoring the selection of patients with more severe forms of diabetes and its complications. Also, it should be taken into account that microalbuminuria is not only associated with diabetic nephropathy but could also be related to other clinical conditions such as hypertension. However, the characteristics and proportion of microalbuminuric patients in the reference group (patients without or with non-severe forms of DR) were similar to those of populationbased studies. Furthermore, the inclusion of patients with a higher prevalence of complications, such as renal disease or even hypertension, in the group of patients without proliferative DR, would decrease the chance of a positive association between proliferative DR and microalbuminuria.
Type 2 diabetic patients with proliferative DR more often presented renal involvement, including increased UAER within the microalbuminuria range. Therefore, all patients with proliferative DR should undergo an evaluation of renal function that comprises urinary albumin measurements.
